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(54) NUMERIC CONTROL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a numeric control system for 
precisely correcting lost motion fluctuating according to the position, speed, 
and lubricating state of an object to be controlled. 
SOLUTION: This numerical control system is provided with a reverse 
detecting means 7 for outputting reverse detection information 
corresponding to the increase and decrease of a position instruction value, 
a friction correction value calculating means 9 for generating a current 
command correction value based on the reverse detection information and 
a preliminarily set friction correction value, a friction value estimating 
means 8 for estimating a friction value based on the position information of 
an ofcuect to be controlled and the corrected current command value, and a 
lost motion correction value calculating means 1 0 for generating a position 
command correction value based on the estimated friction value. 
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Ste^ltb^Stc J: •} «l tfl * ixtzK1SM\h'(m t f^tttS^ 

^m^$s. t , jiiB$ij«ais^atoti:igit« t ±ts.mm^^m. 

©13 J: 'o^^^nfzmm.m.hiSLm^^^ti^n.-b^h^ 
1 ie«rois^ffl«fji» V X T A . 

^et. ±imm^^mmi£^&izj:omjE$ntzmi^, 
mifmizm':i\,^tzmm.^mmM».i:ms}-r^mm^miz 
iM^-r -5 ^^.$ijm)^is t , ±iB$ij»3^^ro{2gtf ^ t ± 

fa ?r ^fiSc L . ±mm.Km^mmiEmsnzmtiik-r ^ a.m.m 
^miEm^m^m t . ±immm'^^mz j; «^ $ n 

^gSJi^ffl?iiE^ISlc#t^-r'S.ct«:#SSt-r-i.if 
*Ji 1 * /i c±IS*JS 2 IB^oaffiSiJffli 5/ X 7^ A . 
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•9 *. <73 1 ^-rn*^ 1 :^iBero&fs$ij® -> x -r . 
mm^&^m^. mwkm^^&n. 

[0 0 0 1 1 

imH(Dmi- ^^mi>^m zn^ma. NcsoxtcMffl 

[0 0 0 2 J 

Ei 1 2 ttffij^imra^ 4-362703 
30 ^<im^z7^k ts n/iSf*roSfffl«tai -> x 7^ a ^r^N-t-r □ ••/ 

5'«fiJcllir-*)»3, HtctJCNT. 3 2 tiN C7'd J''^ A 3 

^. 3 3 afftro^^gjtf^tcS-paNTlft^SJ^f •i.^ftsij® 

gp-efeO, C<D<ft^JtaigP3 3 CfcOT, 34t±i$fJ» 

3 b ammy'o cr=> l^RmU. 2 BlitiitJS\i. 3 7 
ltXtlS(>. 3 8 (in X h =&--> 3 VffljESSthgPs 3 9 

i.i^m-^-7f\^^ v bmmm^. 4 ot±*s^«^^>Sf 

SfdigPT-*^,. 4 lt±/^•7-T>7^ 4 2Ci-9— **^- 

4 3 ti^r-^J'fag^JfcgPv 4 4 (±* -y^"'; 4 
40 SliSijai^^f^fU-S-x-ryU, A SltiJ >y4 4 

iz^m^ntzTX-jU^i?, 4 7(±'< y KT-*^. 

[0 0 0 31 mzmmz-o^^m^n-t^, istffi$ijw->x 
(cfi^ ^ nr t ^ -& J; ^ •) mmmmiz ti □ x h ^ - -> 

n5:lHliS-r-Sfc4!>co:^»*<#;t'c>nTt>-5. Ell 2ic:ii 
V>r, KStSI^SPS 2t±, NC7'Dr^A3 1 (CK^(,> 

50 5:e;a^-r -5.. swap 3 4 (±, ffigfi^ s p t , 
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a r^/xEligP 3 5 {::l«*rt$nTl>-S>-9— **$IJ{»7'D 7 

-9 4 2<Da-^{2:ilSr<td5-r-5^-^fiiia<?iaia5 4 3 

ro{ig^t^ii^SDP<!:^c:Sr7*l^T. b^Sw&M. iiJS, S 
i5FL<75#$iJISi;u-7'(D«S?:?ff>. ««?-fi<Jtcdi;^a5 3 6 ?: 
i>Lr/N''7-T>7*4 1 icSgitJg^fflS I «reilli--5. 

-5' 4 aicEPSD-r-i^^+sm/i^^^-r-S). 3<^)BflEro 

* -y 7'y >^^4 4 4-ct3|aLr;t<— ;U*i;4 6 , K 4 
[0 0 0 41 ox h^— >3 v^iiE^aiaro'iJS'tc 

{Si^ii^s p*<, K»^^a5 3 2 i^'ittsijiaifP 3 3 tee 

a X h * - V 3 VS5S;*#T'- ^' t , O^'JS^ftT W 
[0 0 0 5] 

[^B^*<S??^L<i:9i:-r-5.iSM] ttf^t^JSM^iJtaivXT^ 
h V-i't^^gcO/stolc/Aig/jrlfe^-enx h*-->3 V 

■S-^SSEftnt if (c;S*fE:-r ^ ^ i: *<T-# ntt^'i i: roSI 
[0 0 0 6] c:ro^^l±±ieo5J:T'ttlia«rgfi^-r*^w 

-5 c i: /j: < , feg • iSJK • MmferojBjttt^-t-lC UT 

^■r -s. a X h > 3 > ^rffisa < isiE-r 'SStfiisijffli 

[0 0 0 7] 
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10 [0 0 0 8] i(7)5l^lc#,-SStffiSiJ(ai->;<.xA.t±. fits 

/c t (75 

[Q 0 0 91 cro%B^lc{f,.S?Sfii^J»vXxiAt±. $i]iSH 
[0 0 1 0] C<755|B^(Z{S^igjfS©J»->XxZ.ti. 

[0 0 1 11 c:<o5gB^{3{s-&afii$ij®->xx/-ii, mm. 

30 titz^c^ms.^n^^i'^^^ ^ ^z^ts'kws.-t^^ n \z 
[0 0 121 z.n^mz'^-.^m.m.wmiyT.'rL.^.u mm 

[0 0 131 CO^B^tc:{?,-|.^g[ffi$iJ8P->XxAt±. fiiS 

m.'k&m.i^-^mii^zf-ta^mmMizm\jxm<t-ti>^¥m. 

40 J: olcLfc^jror-^-i). 

[0 0 141 z(r>mmgh^mmmi^^7-i-^u 

50 [00151 



mM(omm i. mi \.tza>^^<omMmm i tcj:*N 
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^S:a:^L, ;g:teLn£t^i##tc(±Bula)ro«Sfr*S^<t|SlL- 

$ tiTtmssm^^fii i: V =1 - 5^ 5 A<aj:/7 -r -s -9- - - 
12^ ( 1 ) 4fflt>rJt^-r'i.^^«S#^IS-e*)-5. 



f = K t X i r - J X d d 0 -Cx d 0 



( 1 ) 



t^i-^^-'•K=e-^' 40 i r {±-9--;l<^-^' 

tt^HWtiia^-^ > h s d d e C±-9— .-K^:- ^ 4 
*d;SS. Ct±-9— ;K^r-:^tt^||ro!fi5ffi^«<^ft, de 
(4-9— 4 W^j^JKT'*^. ±fert ( 1 ) 

LM = f/K 

$ n -i. 1 ^{4g ^ V a - r 5 colt tb me* «c 5 n -5 
ffl^is (m^tm<^ii^fi£#s) , 1 4t±c«)mgijg<^fii 

10 0 161 'd:.\.zW3niz-o\,-^xmm-t^, <4sm^ai 

ii^^titn^t. Km^^^^nt. t<K>^m.m^m<o 
mmzm-^y'^x7—-r)x, \ <K>^f5^a)mmi5^t,<K^-r 

8(4, i>n-5^5(cJ:r>r^tlllFn/-c|H]tefii><ta'ti 
8S^g^^ii(::«-:>'c^T•r-7■;H cD*^S?r^tSU^ ox 



miz^tb^^^titimmmjEm^mn l TSggji^MiE 

mS.) . 1 0(i»j!^«S^|g8*>'5><^*^MlcS-:>'l^ 
20 TfSiC (2) «rfflC^-r(iati^«iEffl?rirai-r-&c. 

• • • (2) 

iEfii<!:LT!±i:^?L, fiiSti'^fSffiiE^® 1 1(4, ctDfi 
^tg^?iIEfii.h{a[g»^fiii:$rSD^-r^. -eLT, {4g 

iijK^jffli^si 3(4, ztD^m^^mizt^o-ctzm-^Lm"^ 
m^thti-t^. $^(c, »«fiiEffistii^i59(4, 
'fkiummz'^tb^^ ntzmmmiEm^m.MLxm^m 
^mjEm^tatiL. m-^.m^mmiEm9.\ 4(4, mmm 
^mizm-^i^^mjEm^tuML. sgsMtss^si 5(4. 

•^<omiEiititzm-^,m^mizi^CtzK^,i:-^-^:=e-9 
AlzmHtk-t^. -tLT, -tJ— 4(4, /-K-^U^i/' 

3 $r(Hlfe|gftL, 1 (4, h Zt 

40 ^(ciisji^coiijST-ffigjg^(gco{us$T-^S)-r-&. 
too 1 71 in±<oj:oiz^ z<ommmmiiz^ih. 
(f, tiLmm%iiM7b<xti^n. ^4g^g^^S(75^gMlcso%^ 

<efiiai*iS7 ■*)--n<=e-9 a izM-r^mm.n^mt 
'r-r/u 1 (DMiEitLmzS'^^^x^mm^m^LxBit) 
■t^mmmmms. a t , mmm^^m st-^ commmiz 

ht— >3 VffiiEfiiSm^©! Ot, ^rottStg^ffiiE 

fit «r ffl I ^ T{4Sti^{SroffiiEj^»^tT ^ ffi^ti^?ijE# 
50 S 1 1 i:5rii;tT. x-r^l^ 1 roiBtfilW^(CfiJffl-r-5>fii 



h 2 tri<-iV^i^ 3 i:Orac7>Jgt>*/j:i-iceH-r'5d<it-:> 

LM = f/K (0) 
fS. (iHltea) , K (e) C±fii:S^(cp/d:^4<-;u^v3 

■r-5>. 

to 0 1 9] <>;:(::|ii{'F(--:>c^-rKi0^-r-i>. n7.h^--v 

fif«r. /N-^^^fiiMK (e) r-^»-r^ci:l^J; Odx h 
10 0 2 0] lH±<K>J;:olz. CI 2 tc J:n 

Dx h=E— V 3 vMiEffism^e: 1 6 1\ mmm.^ 

izmrfi^x^mm^umm^ thti-r -^Tziib^ inm.- mm so 
■^mEmizjznmmffimnmA^mMiLtzn. ttaujc 

^•^x&m.rB^m(DmiE^if^m-^izit-<xm&^< dx 
[0 0 2 1 1 nmmmz. m a ti^rosiB^wiiiferoff^ 

S 3 J: ^ N CftDX->X7^ f4^(Dt«i3c^^-f 

[0 0 2 2 1 <!Kizmmzr:>v^xmm-t^. mmmiEmn 

xti^n^t. ci\^:m-^Miz^m-LxmmmiEmtL 
xthti-r^. ztti^mnmminmmmz tmmx^ 

10 0 2 31 PJ,±<r>J:olz^ za>mM<omm3izJiH 50 
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■t^Ztrb^X'^^. 

[0 0 1 81 mMffimmz. EI 2 (±c: 0560^0^(7)^5 
« 2 (cJ; N C;!jdI->X-xAO— tt5^o«fiSc«r^-r-ra 
•y :?^/5SclllT-S> 0. Ill^::fc%^r. I 6 (±)9«Ji^^lS 8 

offiSfg^irfcS-^'t^T. TIBSC (3) $rffll^-C^5ia 
• • ■ (3) 

\.zn-r^'m.mzmMi.x\htj-t^mm.miLm.M\hmk i 
m^zmuxmt-t^mmm.omm.'^^ z. o^t^ $ n^c/^ 

[0 0 2 4 1 mmconmi. mntc(omMff^nm<Dm 

^miitzhff:>t. mmm^^^sx-m^^titzmmmt 
^itmux. mMmoo:K^\,^ij^mmmiEmtLXihyj 

«r«BlS-r-i>. 

[0 0 2 51 mzwjmz-yi,^xmB^i-^o se^ai^® 

1 8t4, ^«>e^$nfcWi«ffiiEfiicKtei^itfc#a7*^ 
ii><DKmmtiiinm(on^^mitzi,(Dt. mmmm^$k 
8xmm:^ntzmms.t^imLx^ ®3^ffio:*;#^,^^ 

n».(r>^W]y5[^-f)mmzwM.-t^m't\.zLt^ mmx'^-r 
MmiPtm.iznm-r^mmi,i^(Di^i^mib</i>.$ < , 

^itS^g: 8 tea— /-cx^ -f /u^'T&^^t nrt^^/cfe, 

s^MX7fk-tmm^ritzmm&imm<^mmj^ 'o±^<m 
tix^^7b<^^-r^, ^ntcj^LT. — ^^^TvTv-r> 

mmsEmizKmtkta^f^ 7 *^'^o;5te^^aiit^o?g^-^$r 

^j,<n^i)<Km-r^o m^tntzmmmiza-/^;it.y 



ct-i.iinti:;*;§ < ^i^o, m'^^ nt^mmm.com)(4 

[0 0 2 61 )il±<DJiolZ^ ^:<0^(ommAlzJ:tl 

[0 0 2 71 mmmms. mGuzcomonconmcom 

M 5 J: 4 N C Sox -> X -r A <0— «te$5-ro«fi!c 5: ^"T T^n 



T'*«)iJiii«S:^lilS-r^. 

10 0 2 81 <J;(;:E!)fF(c-:5i,NT!5iBfl-t-i.. Sfettti!¥lg 

1 9ti. i=^i<>a^$nfcSE^?ijE{sicjs:fe<^i£t!^S7*^ 

4>rot«r*n»L, E?»MiEffl^: LTill:^-^'?.. dtiR^ 

fl = K t X i r - J X d d e -Cx d e 
if (fl > Fmax) f = Fmax 
else if ( f 1 < -Fma x) f 
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* -9 t^m-^f-zit. mmms.mk s tc □ -/n-x 7 < 
t-tixK-^^tztb. ^x-7h-tm.'S.^nfzmmm\,z^tbWi 
^■^ntzf-i >i:m-itzmm.tmm.c>mm^ o±^<m 

nxn^Tb^R^-t^. ttuz^Lx^ -j^mmx'Tn-t^ 

tzmmmiEmizKmifnth^& 7 t^ii,<oK^^tjimm<on 
^tmiftzmiEm^toyjit^ nisroisigtc^tLTjin* 

10 *\ ^tiizi^mmthmmt^ii>±f&^Hi,mmmiEm^m 

D-/N-X7 ^ ;u^tCct'&iiniiA# < *^-3>. Rfe 

«aitif^*> ^ sfe^ s titzmmmiEmimm. $n^tztf>^ 
mmmiEmmth^&i ^ffitatuz^tn^mtumn^ 

20 [0 0 2 91 lH±0).i:olz. znmm<r>iBm5i,z^ti 

tf. i^«ffiiEfflmtB^f3 1 9 ^«JtS^fS 8 xm^ 

^ titzmmmiz^ibm'^^ MzY^ > ^m^itz h(Diz^ 

m]£mi:tmLtzmmm]Emi:iiiti-ti>fztt>^ mmnm 

izi'¥m-t^^m<Dn^-^^7!}<wim • i£i£i.^-rnro«-g-T- 

« • mmt^m.<ommvtmizmcx$m-t^mmA<mmt 
fj.^x±c^ mm^m $rffl)S A < » JET- # . 
[0 0 3 01 m.m<Dmm^. m8i.tc<7)^m(o-mM(om 

us 6 (c J: -5 N C inX i/ X -r A ro— W^}-<D«)^^ t-r a 
•y ^'W^HT-fe r). |2llc*Jl>T, 2 Oti-9--***--$' 4 

tcj^-t -i-mi^it^ffi t i > n - r 5 *^'tii:^-r -1. -t^--■^'=e 
4 t75liiteM:ccs-:?•l^■r, MmnmzitfWi-t ^mmm. 
srTiexC (4) 'U^.mcii: (5) %:m^^xm^ir^mm 

... (4) 



30 



t(±-»>--;K^— 5' 4 O i rl±-9-— ;tf^-5' 

/^^(o'mim-^m.. ii.t°]m^±x^.-^tj^-m=E-9 

^SI»totI14^:-p< V h . d d 0 Ci-9— 3K=&- 5- 4 

{,i'^-yi<=^-9 A(on'Mm.. F ma x<.tm-S.^in^m-X 
m-WMX'i)^, tiii^ Jii55C (5) T-gCib^nfcffltcti 

niJl^1-ro«fi!c«l|]ifero?B)S 4 i:|S|«SlT*omafl«r«iilS-r 
-B. 50 



— Fma X 
• • • (5) 

[0 0 3 1 1 <!Ki,zmmz':>\,^xmm-t^. m^in^mm 

I 4 *^ «b roMiE S nfcSgftJg<^ffi t . i > 3 - $r 

itS^e2 0 l±. Jii5iC ( 4 ) nt-S-mciC ( 5 ) 
Tits L./cffi«r □ <x 7 -f ;u 5' icii u r y -f x'Rs^^?r 
its:iP«s^tii;t)-r-s. cnji(^i-©i&miSl*fe 

[0 0 3 21 Jii±roj:-3(c, z<omM(Dmm& izjiti 
li. mmmm^^z 0 *«sgit*i<^>f iE#e 1 4*-'io 
miE ^ n tzmm^'^is. ^ > n - r 5 «^ ^> -y— .K=e 

-^4 roiHlteS(c«-:>\^rit»:L/-c}tSS^aco^?^ffi 
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jybr-i.C<!:*<r-t-i>. «rTI£ie(6) «:fflt^T«S-r^®^}ttS#®T-39^. 

[0 0 3 3J HJferoffJjjg 7 . EI9 l4c:ro5IBflo^]!ffec»fl5* 

fl = Ktxir-Jxdde-Cxde-G ••■(6) 

^'4'^ro«gS*i<^<ii, J(4Dj»»SP:^rSr^t;-9--#=e- 10 [ 0 0 3 53 ;j(±05 J: o tc, croflSferoff^.^ 7 tc J:n 
^'I4iim<7?tf'l4=e-^ > h . d d 0 14-9— .K^E- 5- 4 <7) {f. $iJffl)*^mroill!):^lRl;!»<a:;/3CDf^g5rSlt-S J; T t^m 

e {4-9— 9 4 wftjfflK, G(4Biftgqjiaica;^jD issss^jts-r-stot?. mmti^izmt)t<^m-r^^ o 
*>\ ±ieTC (6) r-Mih^ titzmicii-mmmco ^ -( X7b< [o o a ei nmmms. m i oi±^(D^B^(K>mM<o 

•^t.tii,Z. ti}^^K,^tzib^ a-zN-x^-f yU5'tcilU/i{B 8 ic J; -5. N C AOXvX-r /.W— *b^ro«fi!c5r,T^-r7* 

Sr«ISU/i)SaiSi:LT£ii:^-r-S.. C nJi(^roSl^t4SI o-v i'SI^ElT-*'), |a^c±il^T. 2 2 (4<iigtg'^fiiai 
SfeOffM4 i:|H)«T'*r)|KH^?r«BS-f ^. 6 A^-^OffiiSm^fltKte^^ai^lS 7 d^-^coJSlte 

[0 0 3 4 3 ^>;(c^^;mco^,^ri^^H«•r-i.. m^tfg^^fii 'tlldHtlg'U'?.of(c*«g}tS^|g2 i ^^-^.^j^^micS-:)- 
ffiiE^fSl 4*^^,©MiE$nfct^gii^i^^:. 20 l^T. Tf2iC (7) /.£t.mc^ (8) «:ffli^T<4gJi^ 

5^5A^'^>(7)-9— .■}<=e-5'4CO[iieM;5<A?3^Fn^t, M ?iiEffi^lttli^-S a 7, h ^--> a >jiIEfflmi±J#S (fit 

««S^S2 H4±i5xt (6) ^ffll>TttSLfcfa^D Sfg^^MiEfflSfefiSi^lS) T-**. 

LM= f/(K(0)-kf(f)) •••(7) 
if (Ifl > Fl) kf = kfl 

elsekf = kf2 •••(8) 
(IL, LM(4mdi$n/iD;^ h=&-->3 >?fjEffi, f t4 ★li. a h a >MiEfiEISifc¥^IS 2 2 *<it^^F nfc 

»«}i^^K2 1 T-«s$n/c)»«a. 0t4-9--7K^- w^«M^:ffis^g^^Sl^»-p\^r. ic (7) '^t-ia'tcji: 

^4ro3Ht{iS (IHfefi) , K (e) t4H?Sfe^l^(4-r (8) 5rffl>>T. □ X h t--> g >?iIEfit$rWtb-r-i)f= 

k f ( f ) t4/N'^il|gco^pm^4f'&T-*) t? . mmM f (?)*t1±^%liSLA:ffliEaSrltai-r-5 C i*<5rfgi iJ . 

#(ct4/^';^M^<75HlJ^44^:>^#^^^t^^^:^#-:>o cnui [0 0 3 93 5life<75ff;,m 9 - 121 1 H4COT5IBflro||j5tero 

i(75m*feroff^^8T-l4. '<^M^O#^i^Jfg!ft1S«r ^ -v 9mmmX'^'0 ^ lll^ct>^,^r, 2 3 t4ffi:gjg<^{ittli 

±ie5C (8) xm.m.i.tzt\ ■(ti(oec^^,^^^t4x-7■;^ :^^iS6ic*tLT^to^to':>tifc&sti<^ffi«:aj:t)-t-s 
e2 1 A^-iojis^nfc^jssi:. {igft^fitt±j?3?is ntzmm.^^m^'bxfi.zii^yzi-^-hn^tiX'^^^- 

^IS2 2C4. _h|55t (7) ;^f«^>r>*tcjC (8) ^ffl^,^Ta tt=e-y >h J. -9— rK^ - ^' tt^SOf AttW^^Sc 

[0 0 3 83 JiUiroJ: otz, CcoHSferojfMS ★ 

[J C f e G] = (B' B) " - 1 B' [r] 
B = [dde de s i gn (d0) 1 ] 
T = Ktxi ...(9) 

flL. [] • ^4feg^T?'J, [] ' - H4iS?^T?'J^ [t] 50 l4-9--7i<^r-:J' 4-^Ofi^h;u^OB#m?'j7'-:5'7&>'i7'j: 
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tddco^^s i gn (d0) a:>^^MT'—-$')iJ:Zf± 
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